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(54) SENSOR FOR DETECTING AMOUNT OF REMAINING INK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a sensor for 
detecting the amount of remaining ink in an ink cartridge 
used in an ink-jet recording apparatus which can 
correctly detect the amount even when a sponge-like 
ink-absorbing body is set inside the ink cartridge. 
SOLUTION: The sensor includes a diaphragm bonded to 
a piezoelectric element. A predetermined distance is 
secured between the diaphragm and an ink-absorbing 
body 2 to prevent the diaphragm from coming in touch 
with the ink-absorbing body 2 set inside an ink cartridge 
and impregnated with ink even when the diaphragm 
comes in touch with the ink in the cartridge. In this state, 
a sensor element 3 is held at the ink cartridge. 
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JPO and NCDPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] ** to which said diaphragm contacts the ink inside an ink cartridge including the 
diaphragm which joined the piezoelectric device, The sensor component held at the 
above-mentioned ink cartridge where predetermined spacing is secured between said ink 
absorbers so that said diaphragm may not touch to the ink absorber which sinks in the ink 
installed in the interior of an ink cartridge, The amplifier which is connected to the 
electrode of said piezoelectric device in order to vibrate said sensor component, and excites 
with the proper resonance frequency of said diaphragm, The ink residue detection sensor 
equipped with the wave detector which detects the electrical signal outputted from this 
amplifier, and the comparator which outputs the signal which tells the existence of ink for 
the electrical signal from this wave detector as compared with a reference signal. 
[Claim 2] Amplifier is an ink residue detection sensor according to claim 1 characterized by 
including the filter which chooses or eliminates the electrical signal of a specific frequency 
higher than audio frequency. 

[Claim 3] A diaphragm is an ink residue detection sensor according to claim 1 
characterized by installing in the lower part side face or base of an ink cartridge. 
[Claim 4] A diaphragm is an ink residue detection sensor according to claim 1 
characterized by constituting so that opening which consisted of a metal plate and was 
prepared in the ink cartridge may be plugged up, it may be attached in the skin of the ink 
cartridge concerned and predetermined spacing at which ink is not held with the surface 
tension of ink between ink absorbers may be secured. 

[Claim 5] A diaphragm is the ink residue detection sensor according to claim 1 constituted 
so that predetermined spacing might be secured between ink absorbers to the diaphragm 
concerned by the projection which consisted of a metal plate and was prepared in the 
interior of an ink cartridge. 

[Claim 6] The ink residue detection sensor according to claim 1 characterized by preparing 
an insulator layer in the front face corresponding to the interior of the ink cartridge of a 
diaphragm. 

[Claim 7] The ink residue detection sensor according to claim 1 characterized by preparing 
the water-repellent protective coat which consists of a monomolecular film on the surface 
of an insulator layer. 

[Claim 8] It has the diaphragm which joined the piezoelectric device, and the holder of the 
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shape of a cylinder like object with base attached in opening which supported this 
diaphragm inside and was prepared in the ink cartridge. The interior of an ink cartridge 
and a hole open for free passage are prepared in the periphery enclosure of the holder in 
the interior of an ink cartridge. ** to which said diaphragm contacts the ink inside an ink 
cartridge, the ink residue detection sensor constituted so that said diaphragm might not 
touch to the ink absorber inside an ink cartridge and predetermined spacing might be 
secured between said ink absorbers. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ink residue detection sensor which 
detects the ink residue inside an ink cartridge, especially the ink cartridge used for an ink 
jet recording apparatus. 



[Description of the Prior Art] It has one or more ink jet heads, and the printer which flies 
an ink droplet to the record medium of paper and others, and makes a graphic form, an 
alphabetic character, etc. is in the limelight recently. This printer needs to form an ink 
residue detection sensor in order to use an exchangeable ink cartridge generally, and to 
detect and display the ink residue inside an ink cartridge. What is indicated by 
JP,3*55313,B as an example of the conventional ink residue detection sensor is known. 
This sensor has two probes made from stainless steel arranged so that it may be dipped in 
the ink inside an ink cartridge, and detects the ink residue inside a cartridge by 
impressing an electrical potential difference between this probe, and carrying out the 
monitor of the resistance of ink. 



[Problem(s) to be Solved by the Invention] However, with the above-mentioned 
conventional configuration, since the slight ink absorbed by the ink absorber forms the 
electric flow way between the formed probes even if the residue of ink decreases the ink 
cartridge of a method which formed the sponge-like ink absorber in the interior of an ink 
cartridge in adoption, an ink residue is correctly undetectable. Moreover, in order to 
impress an electrical potential difference to ink through a probe, there was a problem that 
ink deteriorated by electrolysis of the ink quality of the material. 



[Means for Solving the Problem] In order to solve this technical problem, the ink residue 
detection sensor of this invention ** to which said diaphragm contacts the ink inside an ink 
cartridge including the diaphragm which joined the piezoelectric device, The sensor 
component held at the above-mentioned ink cartridge where predetermined spacing is 
secured between said ink absorbers so that said diaphragm may not touch to the ink 
absorber which sinks in the ink installed in the interior of an ink cartridge, The amplifier 



[0002] 



[0003] 



[0004] 
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which is connected to the electrode of said piezoelectric device in order to vibrate said 
diaphragm, and excites with the proper resonance frequency of said diaphragm, It has the 
wave detector which detects the electrical signal outputted from this amplifier, and the 
comparator which outputs the signal which tells the existence of ink for the electrical 
signal from this wave detector as compared with a reference signal. It becomes possible 
[ the ink cartridge of a method which formed the sponge-like ink absorber in the interior of 
an ink cartridge by this configuration ] to detect an ink residue correctly. 
[0005] 

[Embodiment of the Invention] Invention of this invention according to claim 1 contains 
the diaphragm which joined the piezoelectric device. ** to which said diaphragm contacts 
the ink inside an ink cartridge, The sensor component held at the above-mentioned ink 
cartridge where predetermined spacing is secured between said ink absorbers so that said 
diaphragm may not touch to the ink absorber which sinks in the ink installed in the 
interior of an ink cartridge, The amplifier which is connected to the electrode of said 
piezoelectric device in order to vibrate said sensor component, and excites with the proper 
resonance frequency of said diaphragm, It has the wave detector which detects the 
electrical signal outputted from this amplifier, and the comparator which outputs the 
signal which tells the existence of ink for the electrical signal from this wave detector as 
compared with a reference signal. By this configuration It has an operation that the ink 
cartridge of a method which formed the sponge-like ink absorber in the interior of an ink 
cartridge can also detect an ink residue correctly. 

[0006] Invention according to claim 2 has an operation that the existence of an ink residue 
is detectable as an electrical signal, by setting to invention according to claim 1, and 
exciting a sensor component with the resonance frequency of the diaphragm of a sensor 
component, only when it is a configuration containing the filter with which amplifier 
chooses or eliminates the electrical signal of a specific frequency higher than audio 
frequency and the sensor component is exposed from a liquid ink side. 

[0007] In invention according to claim 1, invention according to claim 3 is the configuration 
of having installed the diaphragm in the lower part side face or base of an ink cartridge, 
and has an operation that constraint can install in the location in which a sensor 
component is installed according to the description that thickness is [ a sensor component ] 
thin and it is small at an angle of arbitration few. 

[0008] As for invention according to claim 4, a diaphragm consists of a metal plate in 
invention according to claim 1. It is attached in the skin of the ink cartridge concerned so 
that opening prepared in the ink cartridge may be plugged up. And it constitutes so that 
predetermined spacing at which ink is not held with the surface tension of ink between ink 
absorbers may be secured. When sufficient reinforcement can be secured with a metal 
plate and it has an ink absorber inside an ink cartridge, without a piezoelectric device 
always touching ink, it has an operation that the residue of ink is correctly detectable. 
[0009] In invention according to claim 1, by a diaphragm's consisting of a metal plate and 
considering as the structure which prepared the projection in the interior of an ink 
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cartridge, invention according to claim 5 becomes possible [ securing predetermined 
spacing between an ink absorber and a sensor component ], and when it has an ink 
absorber inside an ink cartridge, it has an operation that the residue of ink is correctly 
detectable. 

[0010] In invention according to claim 1, it is the configuration of having prepared the 
insulator layer in the front face corresponding to the interior of the ink cartridge of a 
diaphragm, invention according to claim 6 is effective when ink will deteriorate, if a direct 
metal touches ink when a metal ion is included in the component of ink, and it has an 
operation that an ink residue is detectable, without impressing an electrical potential 
difference to ink. 

[00 11] In invention according to claim 6, invention according to claim 7 is the configuration 
of having prepared the water-repellent protective coat which consists of a monomolecular 
film on the surface of an insulator layer, and has an operation that it is possible to be able 
to protect so that a surface of metal may not touch ink directly with a monomolecular film, 
and to raise the water repellence of the ink of a sensor component front face. 
[0012] Invention according to claim 8 is equipped with the diaphragm which joined the 
piezoelectric device, and the holder of the shape of a cylinder like object with base attached 
in opening which supported this diaphragm inside and was prepared in the ink cartridge. 
The interior of an ink cartridge and a hole open for free passage are prepared in the 
periphery enclosure of the holder in the interior of an ink cartridge. They are ** to which 
said diaphragm contacts the ink inside an ink cartridge, and the configuration of having 
secured predetermined spacing between said ink absorbers so that said diaphragm might 
not touch to the ink absorber inside an ink cartridge. A sensor component can be easily 
attached only by attaching a holder in opening of an ink cartridge, and it has an operation 
that sufficient distance of an ink absorber and a sensor component front face is securable. 
[0013] (Gestalt 1 of operation) The gestalt of operation of the 1st of this invention is 
explained below, referring to drawing 1 and drawing 2 . The ink absorber which prepared 1 
in the ink cartridge case and prepared 2 in the ink cartridge case 1 in drawing I , Two or 
more projections allotted around the sensor component in the shape of a ring in order that 
the sensor component with which 3 joined the piezoelectric device to one side of a 
diaphragm, and 4 might secure spacing sufficient between the ink absorber 2 and the 
sensor component 3, 5 is opening prepared in the ink cartridge case 1, and the sensor 
component 3 is installed in the opening 5 prepared in the ink cartridge case 1. Here, it 
cannot be overemphasized that the sensor component 3 is installed in opening 5 so that a 
diaphragm side may turn to the interior of an ink cartridge. 

[0014] When the oil level of ink is above the location of the sensor component 3, ink touches 
the front face of the sensor component 3, and the proper resonance frequency of the sensor 
component 3 becomes low compared with the time of ink not touching. On the other hand, 
if the ink residue inside an ink cartridge decreases, ink will stop contacting the front face 
of the sensor component 3, and the proper resonance frequency of the sensor component 3 
will become high. If the ink absorber 2 touches the sensor component 3 at this time, change 
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of proper resonance frequency will become small and detection will become difficult. 
Moreover, if the distance of the ink absorber 2 and the sensor component 3 is approaching, 
it will become difficult for ink to be held between the ink absorber 2 and the sensor 
component 3, and to detect the oiHevel fall of ink with surface tension, but when projection 
4 presses the ink absorber 2, sufficient spacing is secured between the ink absorber 2 and 
the sensor component 3. 

[0015] Drawing 2 is a block diagram explaining the electrical circuit section of the gestalt 
of the 1st operation. The amplifier which is connected to the electrode 7 of a piezoelectric 
device 6 in order that 10 may vibrate the sensor component 3 held at the ink cartridge in 
drawing 2 , and excites with the proper resonance frequency of said sensor component 3, 
the wave detector which detects the electrical signal with which 11 is outputted from this 
amplifier 10, and 12 are comparators which output the signal which is equivalent to an ink 
residue in the electrical signal from this wave detector 11 as compared with a reference 
signal. Here, the above-mentioned sensor component 3 joins a piezoelectric device 6 to one 
side of the diaphragm 9 which consists of a metal plate, and forms Electrodes 7a and 7b in 
the piezoelectric device 6. An amplifier 10 has connected to the above-mentioned electrode 
7a the output of the operational amplifier 23 which grounded the non-inversed input 
terminal while it connects with an inversed input terminal through resistance 21 from the 
output of this band pass filter 13 and it connects resistance 22 with the band pass filter 13 
linked to the above-mentioned electrode 7b between an inversed input terminal and an 
output terminal. Including the diode 25 which connected the output of the 
above-mentioned amplifier 10 through the capacitor 24, a wave detector 11 grounds a 
cathode through a capacitor 27 while grounding the anode of this diode 25 through 
resistance 26. A comparator 12 consists of an operational amplifier 28 which connected the 
output of the above-mentioned wave detector 11 to the inversed input terminal, and it is 
constituted so that reference voltage may be impressed to the non-inversed input terminal 
of the above-mentioned operational amplifier 28. 

[0016] The sensor component 3 vibrates by the principle of the so-called self-oscillation of a 
piezo-electric buzzer with an amplifier 10, and the oscillation frequency turns into proper 
resonance frequency of the sensor component 3. Generally proper resonance frequency is 
proportional to the thickness of a diaphragm in inverse proportion to the size of a 
diaphragm. Since the sensibility of detection of the oil level of ink will worsen if thickness 
is too thick, a thing thin as much as possible is desirable. 

[0017] When the oscillator circuit which consists of a sensor component 3 and amplifier 10 
is oscillating, the AC signal of an oscillation is changed into direct current voltage by the 
wave detector 11, and the output voltage of a wave detector 11 increases with it. The level 
judging of this direct current voltage can be carried out by the comparator 12, and the 
existence of ink can be outputted as an electrical signal. A non-inversed input terminal is 
grounded, and the above-mentioned band pass filter 13 consists of operational amplifiers 
29 to which the parallel circuit of resistance 31 and a capacitor 30 was connected between 
the inversed input terminal and the output terminal, and has connected the 
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above-mentioned electrode 7b to the inversed input terminal of the above-mentioned 
operational amplifier 29 through the series circuit of a capacitor 33 and resistance 32. This 
band pass filter 13 chooses the electrical signal of a specific frequency higher than audio 
frequency, and shows the band property of this filter to drawing 3 . As shown in drawing 3 , 
when proper resonance frequency of the sensor component 3 in the condition that there is 
no ink is set to f2, the band frequency of £2 and a band pass filter is in agreement, and 
amplifier 10 has sufficient gain to vibrate the sensor component 3 in this frequency. 
However, in the condition that ink is in contact with the front face of the sensor component 
3, the proper resonance frequency of the sensor component 3 falls to fl. Since fl and the 
band frequency of a band pass filter are not in agreement, amplifier 10 does not have 
sufficient gain in this frequency, and the sensor component 3 does not vibrate. Therefore, 
since an AC signal is not produced in the output terminal of amplifier 10, the output 
voltage of a wave detector 11 becomes low, and the output of a comparator 12 becomes high. 
[0018] In addition, although this example explained what chooses the electrical signal of 
the specific frequency higher than audio frequency as a band property of a band pass filter 
13, the approach of eliminating the electrical signal of a specific frequency higher 
otherwise than audio frequency is also possible. The electrical circuit block diagram in this 
case is shown in drawing 4 . The amplifier which is connected to the electrode 7 of a 
piezoelectric device 6 in order that 10 may vibrate the sensor component 3 held at the ink 
cartridge in drawing 4 , and excites with the proper resonance frequency of said sensor 
component 3, the wave detector which detects the electrical signal with which 11 is 
outputted from this amplifier 10, and 12 are comparators which output the signal which is 
equivalent to an ink residue in the electrical signal from this wave detector 11 as compared 
with a reference signal. Here, the above-mentioned sensor component 3, joins a 
piezoelectric device 6 to one side of the diaphragm 9 which consists of a metal plate, and 
forms Electrodes 7a and 7b in the piezoelectric device 6. The amplifier 10 grounded the 
inversed input terminal through resistance 44 while it connected with the non-inversed 
input terminal through resistance 42 from the output of the band pass filter 13 linked to 
the above-mentioned electrode 7b, and this band pass filter 13 and it connected resistance 
43 between the non-inversed input terminal and the earth terminal, it connected the 
resistor 45 between the output terminal and the non-inversed input terminal, and has 
connected the output of this operational amplifier 23 to the above-mentioned electrode 7a. 
Including the diode 25 which connected the output of the above-mentioned amplifier 10 
through the capacitor 24, a wave detector 11 grounds a cathode through a capacitor 27 
while grounding the anode of this diode 25 through resistance 26. A comparator 12 consists 
of an operational amplifier 28 which connected the output of the above-mentioned wave 
detector 11 to the inversed input terminal, and it is constituted so that reference voltage 
may be impressed to the non-inversed input terminal of the above-mentioned operational 
amplifier 28. 

[0019] The sensor component 3 vibrates by the principle of the so-called self-oscillation of a 
piezo-electric buzzer with an amplifier 10, and the oscillation frequency turns into proper 
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resonance frequency of the sensor component 3. Generally proper resonance frequency is 
proportional to the thickness of a diaphragm in inverse proportion to the size of a 
diaphragm. Since the sensibility of detection of the oil level of ink will worsen if thickness 
is too thick, a thing thin as much as possible is desirable. 

[0020] When the oscillator circuit which consists of a sensor component 3 and amplifier 10 
is oscillating, the AC signal of an oscillation is changed into direct current voltage by the 
wave detector 11, and the output voltage of a wave detector 11 increases with it. The level 
judging of this direct current voltage can be carried out by the comparator 12, and the 
existence of ink can be outputted as an electrical signal. An inversed input terminal is 
connected to an output terminal, the high-pass filter which consists of capacitors 34 and 35 
and resistance 36 between electrode 7b of a sensor component and a non-inversed input 
terminal, and the low pass filter which consists of resistance 37 and 38 and a capacitor 39 
are inserted, and the above-mentioned band pass filter 13 divides between an output 
terminal and an earth terminal by resistance 40 and 41, and has the composition of having 
connected this division electrical potential difference to the end of resistance 36 and a 
capacitor 39. This band pass filter 13 eliminates the electrical signal of a specific frequency 
higher than audio frequency, and shows the band property of this filter to drawing 5 . As 
shown in drawing 5 , when proper resonance frequency of the sensor component 3 in the 
condition that there is no ink is set to £2, since sufficient gain is acquired in the frequency 
of f2, amplifier 10 has sufficient gain to vibrate the sensor component 3 in this frequency. 
However, in the condition that ink is in contact with the front face of the sensor component 
3, the proper resonance frequency of the sensor component 3 falls to fl. Since fl and the 
exclusion band frequency of a band pass filter are in agreement, amplifier 10 does not have 
sufficient gain in this frequency, and the sensor component 3 does not vibrate. Therefore, 
since an AC signal is not produced in the output terminal of amplifier 10, the output 
voltage of a wave detector 11 becomes low, and the output of a comparator 12 becomes high. 
[0021] (Gestalt 2 of operation) Drawing 6 is the sectional view showing the ink residue 
detection sensor in the gestalt of operation of the 2nd of this invention. In drawing 6 , the 
sensor component 3 is installed so that the opening 5 prepared in the base of the ink 
cartridge case 1 may be plugged up, and it has secured sufficient spacing so that the ink 
absorber 2 may not touch the diaphragm of the sensor component 3 by the projection 4 of 
two or more prepared around the sensor component. Here, the projection 4 is beforehand 
formed in the ink cartridge case 1 by coincidence shaping, as shown in drawing 7 , and it is 
used as the electrode-holder section of the sensor component 3. Therefore, spacing of the 
ink absorber 2 and the sensor component 3 is securable similarly. 

[0022] Thus, in this example, it is installed so that the front face of the sensor component 3 
may not become a hollow to the internal surface of an ink cartridge, and it has the 
composition that the distance of the ink absorber 2 and the sensor component 3 is secured 
by projection 4. 

[0023] (Gestalt 3 of operation) Drawing 8 is the sectional view of the ink residue detection 
sensor in the gestalt of operation of the 3rd of this invention. In drawing 8 , the skin of the 
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case 1 concerned is equipped with the sensor component 3 so that the opening 5 prepared 
in the lower part side face of the ink cartridge case 1 may be plugged up. Here, the ink 
absorber 2 in an ink cartridge is constituted so that putting in and expanding in a 
network-like bag may be suppressed so that it may not enter in opening 5, spacing between 
the diaphragm of the sensor component 3 and the ink absorber 2 may be secured and ink 
may not be held in opening 5 with the surface tension of ink. 

[0024] (Gestalt 4 of operation) Drawing 9 is the sectional view showing the sensor 
component used for the ink residue detection sensor in the gestalt of operation of the 4th of 
this invention. In drawing 9 , 8 is the insulator layer installed in the front face of the 
diaphragm 9 of the sensor component 3, and is formed of hoe low processing, adhesion of 
the resin version, spreading of a coating agent, etc. The potential difference is not produced 
between the metal ions which the surface of metal of ink and a diaphragm 9 does not 
contact directly by this insulator layer 8, and are contained in ink. 

[0025] In addition, the water-repellent protective coat which consists of a well-known 
monomolecular film as shown in JP,5-36324,A on the surface of an insulator layer may be 
prepared, and water repellence may be raised. 

[0026] (Gestalt 5 of operation) Drawing 10 is the sectional view of the sensor unit used for 
the ink residue detection sensor in the gestalt of operation of the 5th of this invention. In 
drawing 10 , 14 is the holder of the shape of a cylinder like object with base attached in 
opening which supported the sensor component 3 which joined the piezoelectric device to 
the diaphragm inside, and was prepared in the ink cartridge, and forms the interior of an 
ink cartridge, and the hole 15 open for free passage in the periphery enclosure of the holder 
14 in the interior of an ink cartridge. By equipping opening prepared in the ink cartridge 
case, this holder 14 can secure sufficient spacing between said ink absorbers so that said 
diaphragm may not touch to the ink absorber inside ** to which said diaphragm contacts 
the ink inside an ink cartridge, and an ink cartridge. 

[0027] (Gestalt 6 of operation) Drawing 11 is the block diagram showing other operation 
gestalten of the electrical circuit section of the ink residue detection sensor of this 
invention. The amplifier which is connected to the electrode 7 of a piezoelectric device 6 in 
order that 10 may vibrate the sensor component 3 held at the ink cartridge in drawing 11 , 
and excites with the proper resonance frequency of said sensor component 3, the wave 
detector which detects the electrical signal with which 1 1 is outputted from this amplifier 
10, and 12 are comparators which output the signal which is equivalent to an ink residue 
in the electrical signal from this wave detector 11 as compared with a reference signal. The 
above-mentioned sensor component 3 joins a piezoelectric device 6 to one side of the 
diaphragm 9 which consists of a metal plate, and forms an electrode 7 in the piezoelectric 
device 6 here. It differs from the configuration of drawing 2 which explained this example 
with the gestalt 1 of operation in that the electrode of a piezoelectric device had separated 
to two, 7a and 7b. 

[0028] Amplifier 10 has connected to the above-mentioned electrode 7 the output of the 
operational amplifier 23 which grounded the non-inversed input terminal while it connects 
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with an inversed input terminal through resistance 21 from the output of this band pass 
filter 13 and it connects resistance 22 with a band pass filter 13 between an inversed input 
terminal and an output terminal from the potential of the diaphragm 9 which consists of 
an electrode by the side of the field stuck on the diaphragm 9 of a piezoelectric device 6, i.e., 
a metal plate. Including the diode 25 which connected the output of the above-mentioned 
amplifier 10 through the capacitor 24, a wave detector 11 grounds a cathode through a 
capacitor 27 while grounding the anode of this diode 25 through resistance 26. A 
comparator 12 consists of an operational amplifier 28 which connected the output of the 
above-mentioned wave detector 11 to the inversed input terminal, and it is constituted so 
that reference voltage may be impressed to the non-inversed input terminal of the 
above-mentioned operational amplifier 28. 
[0029] 

[Effect of the Invention] As mentioned above, since this invention arranged the sensor 
component which joined the piezoelectric device to the diaphragm to opening of an ink 
cartridge, the ink cartridge of a method which formed the sponge-like ink absorber in the 
interior of an ink cartridge can also detect an ink residue correctly. Moreover, it makes it 
possible to detect an ink residue, without impressing an electrical potential difference to 
ink. Moreover, even when a metal ion is included in an ink ingredient, it can respond to the 
interior of an ink cartridge so that the front face of a metal diaphragm may not contact 
directly, and ink does not deteriorate [ the potential difference ] between ink and a metal 
according to an ionization tendency. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll The sectional view of an ink cartridge showing the ink residue detection 
sensor of the gestalt of operation of the 1st of this invention 

[Drawing 2] The block diagram explaining the electrical circuit section of this sensor 

[Drawing 3] The filter band property Fig. of the filter section of this sensor 

[Drawing 4] The block diagram explaining other examples of the electrical circuit section of 

the ink residue detection sensor of the gestalt of operation of the 1st of this invention 

[Drawing 5] The filter band property Fig. of the filter section of this sensor 

[Drawing 6] The sectional view of an ink cartridge showing the ink residue detection 

sensor of the gestalt of operation of the 2nd of this invention 

[Drawing 7] The top view showing the projection part of this sensor 

[Drawing 8] The sectional view of an ink cartridge showing the ink residue detection 

sensor of the gestalt of operation of the 3rd of this invention 

[Drawing 9] The sectional view of a sensor component showing the ink residue detection 
sensor of the gestalt of operation of the 4th of this invention 

[Drawing 10] The sectional view of a sensor unit showing the ink residue detection sensor 
of the gestalt of operation of the 5th of this invention 
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[Drawing ll] The block diagram explaining other operation gestalten of the electrical 
circuit section of the ink residue detection sensor of the gestalt of operation of the 1st of 
this invention 
[Description of Notations] 

1 Ink Cartridge Case 

2 Ink Absorber 

3 Sensor Component 

4 Projection 

5 Opening 

6 Piezoelectric Device 
7a, 7b Electrode 

8 Insulator Layer 

9 Diaphragm 

10 Amplifier 

11 Wave Detector 

12 Comparator 

13 Band Pass Filter 

14 Cylinder-Like-Object-with-Base like Holder 

21, 22, 26, 31, 32, 36, 37, 38, 40, 41, 42, 43, 44, 45 Resistor 

23, 28, 29 Operational amplifier 

24, 27, 30, 33, 34, 35, 39 Capacitor 
25 Diode 
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^ J: 5 IciWE-f > * SRiBH* 4: l-BS J£0>HI«*:*« L 

<DttffilcS«t$^ JttE«»*E©H**««*»-eB« 

*t Jttt L-f ^4ffi^b^Sfi-§-^rl±l*i-^ltK 
[ft** 2 ] ttMSttTOMRttft «t 9 *H#JEHi6* 

t *t- 1 e«mm > * atsi^t 

[ft** 3) h » ^©TJfrMB 

£&»«*-*-*>«!#* 1 E«fc<0 

[1***4) aE»»*A****btt9, H 20 

y ^icRtt^wi jiwatt^^^*- b y 

lit** 6) mmv'O**— h v 30 

i-5*Blc|felWJKrKltfcr 4: *«M» 4: "T 5 1* ** 1 E 

[3SW©WfflftttWJ 
{0 0 0 1 ) 
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2 

[0 0 0 2) 

L> K*OttOE»jBt*^-<>^*«:«tf LTH»*X 

y >^ii-(K:lwX*^Tffifti'>^^- h y y-^«rtt«-r 

X ^ i" 5 g 6 *J T>f > * « ft 1$ *Q 1z > if £ R * 4 ^ » fe 
5 0 4 .LTI44WM* 

3 - 5 5 3 1 3*^«HBS^$tLTt^S<3^>* $ *DfettT 
t^c r.coir>lM^-f hy yv^rtfflco^ v^n- 

[ 0 0 0 3 J ) 

^iwfcfct), >rv^oaft*s^ft<ft-pT>b>o^»iix 

i^l^p^v ^^ixfc^-f ^ftW d«»»Rtt Wc/o 
>*»*&«ffi-e#ftv\ ^^1. ^p-^it-fy 

[ 0 0 0 4 J 

L^^Sb«^^^s (tl£fiBfi^>^*- hy yi?rt 

«Six^:^ ^^^^ai-^W^^aJRftJw^LTOTEa 
»*S* $ *i-S w £ d«ft t ^ 5 ^fflEW >?$k$L&k<DNl 
t^fiOMWSr?««L^:ttffi-C±E-<>^^- b y 
^i*»Sixfc-fe>'9-*^t. ffiE«tt«*r«»2***: 
fctwBttEffittX^omS^SiSlS^ *uEiE»ffi^IS* 

iR**Rttfc*5«©-0^*— h y •r/T'tlK'O 
[0 0 0 5) 

I*MOS«fiO»«] 1 fcE*W>«9! 

&mztt LTiSESt&ffi^^s r t d«ft v > J: 0 IcStlE 
>f >^»ffi{ti:©iai-BffS^IBI«*»«Lfc«»T±E 
-0^*-hy -y^lJi(R»3ixfc-fe>**^4, TOE* 
>**-T-4r«»S**fc»lwiMrEEE**^0*ai(c»« 



(3) 
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ai:^iK>yW SS Rtt 

- by r^-CtlK^ >*»**i*Ui"e#*i:i^fl5 

[0 0 0 6) W#3K2l;:Kitt<0JS93te. i Ett<& 

[0 0 0 7] is*3g 3 ceitoxnii, w*« i f£ffi<^ 

[0 0 0 8] W*3S 4 KE«G>* W«U 1 E« ^ 

y 5/^KrtfcBBPeB«r*C-k 5*c^tt^>^*- b y 

[0 0 0 9] W*^ 5 irfS^O^P^ii, 1 f£t£<D 

[0010] W*3K 6 teE«0«W W:, W#9S 1 f£©^ 
[0 0 11] ffl[*«7HE«^»IHtt, »#*6EttO 



[0012] n#*8i£E«0>«wii, mm*^Sr»* 

y :y v^RttfcWJpffllwI&tttt bixS^ieiBW©*^^ 

»hic-o^*- by s/^rt»iaai"sa*r»w, uti 

EJMfcKtf-f by yVft&GMist^mf&lr* 

by j7^rt»©-<^^»ttffiw»LT«(i 
i£»n« *sfti- * r £ a* a ^ i 5 »r ttjE-Y 

b y ys/©HP»icBt9tt»ts*rft"t?«Ww-fe> 
[ooi 3 ) mmmm i ) jeat**m©» i ©k« 

V^T, 1 b y ^ ^4r — 2li>fy^*- 

W^^*— b y 5/^*-— ^ i»w»:itfcBBPfflT*>l9* *fe 
>-^*-7-3«:>r >-^^7— b y v^-* 1 tctStt^t^P 

— b y y^rt»tltl< J: ptr§lP^5lc 

[0014] >r >^ ©JKffi*5-fe >ib^^ 3 offiB J: 9 t 

3 0^®Jc-r y^*«*L4< 3 <&H 

4So -o^sSJR*2ds-fe 

-fe^"y-*-7-3 0SEBf^S3fitrv^5i:. SBSJAIUo 
T-Y ^^p^i(x^2 t-fe 3 t©IB^«» 

5UB4*W>^SRJKff 2SrJ¥JEi-sr tiri 
[0015] i2ligl 0|tlEO»lRO«»[HlB»*»l 

^-r^^o ^it^5 e ia2icio^T, ioii^^^ 

b y y^lc:«»$ixft:-fe>**-T-3SrJB»S*S*: 
T\ ±E*>**T-3liAJRSJ:9 4*«»«9^BB 



(4) 
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l 3£>fcB2)J&>fcJ&#t2 1 Sr^LTRiBA^iB^i-Sg 
m^^^ti^t^^^im2 2%t£Wt1rZ>k 

*r±fEmt!7 a i:atLtt^ 0 ttiCS 1 1 l*±E*t« 
til O^tti^^^^x^i^ 2 4 trtf LTiftfcL*:^ * 

2 6 LtWS t^t:^ Kir = >f>t 2 7 10 

9 4 9, _LfE*S^±f 2 8 ©S|sRtexaflm-*ai« 
[0 0 1 6] -fe^***3tt4i(Mll Ol:ioTV*» 

tritWSo 4: -0^©«a5©**n©* 

[0 0 1 7] 3 **f*IiSl 0"C«J«Stb6* 

>1*-3 0 ^oafeyUEB3fts»gtSixfc8IJi*i*«2 9 i 9 
«J5R£ixT:te0, a>^>*3 3 t»tt3 2 

LT 2 9 (DR«A*«B-7-^±IE«a 30 

t>*>9* rflD7-f^*©**»tt*ria3^"*-. H3 3IC 
^-T J: 5 vR«-c©-fe 3 ©it* 

^Jl&3&£ f 2 f 2i/OM^7-f^© 

S3V^T* 3 *rJB«iS*ft»c+d4^>**i" 

So LJ&>Lftj&sfe, -f v^as-fe^K-T-SoatBB^JKL 

fty-Y 3 I4««|L4V\ J:o-Cif*I 

1 ©BA«Elift< ft 9 * l 2 ©HtfJtt* < ft 

So 

|0018]ft *«-CI4^<^K^7-f/W* 1 3©S 
*rai«i-4*©Koif^TRWLfc*, tete pJ«£JW*8RJ: 
So roti*0«ftBB^oy^HtrBl4^a<i-. H4 so 



6 

Six, mE*^** ; J'3 0H**«»St»"CB«*rfi l 5 
*t*ISS, 1 l J4w©«Mi»l 0^6>ttl*SlxS«*«* 

* 9ftSlSWiffi9 0^rBBIlE«3R-?-6SrSl'&L, -tOJE 

mmi-eizmt^y a , 7 b^uit^toT-feSo urns 

1 0li±E«ffi7 b lZ.mffiL1Z'<> Ys<*7 Jfr? 1 3 
i:. Z<D'<> Y'<*V4fl'9 l 3 0ttS*3&^l&St4 2 & 
^LT*R^***ltj««tL#RIBA*BI*4:»««l 
^■BSllc»tt4 3*rSH»+fti:t 1 bfcR«^*«l*«r*a 
4 4 &#LT«ilfiU M^^^6A^^^t^ 
K8 4 5«r»»U £©«#««» 2 3©J±l^^_lifem 
i7a l:S^tTP6p ^1 lWUbEi«M*l 0(0 
m^^^>^>-^2 4«r^LT««L^y>r*-K2 5 

rcO^W^— K2 5 ©T y — K*rtttt2 6 
LT»t5t*l:^ Kir => 2 7 LT 

^ 4rRCA*»* fc*tt Lfc* 2 8 J: 9 ft 9 . 

_hE8S»*f*If§2 8 0#RKAA«*^*««BE*SPP*I 
£ixSJ: picric £HT^So 

[ 0 0 1 9 J 3 ttittB«l OIUoTi^* 

ikiii->i^^^3 ©m*#^Mi^a^ftSo ©*r#^Mi 

m&m< ^fcfc^ffiftPfi9Sv^*2*H4L^. 

[0 0 2 0] -fe 3 *if*B«l 0-C«***t6« 

^@Ba s ^LT^S»^tt«l$S£ll liaoT^ 

So ±E^>- hv<^7-f/u^ 1 3HRIEA*«l^d s tBA 

^^^1:3^^3 4, 3 5 £«gi3 6^feftS^ 
^ yjfrfb, t&tt 3 7, 3 8 i:3 39^ 

^•ra&««[4 0, 4i-c#§iju z<D#mn t K*&$i3 

6 tayfyfS 9 <D-$%\zmm L /c^^ t ft o T ^ 
So Z(Dy<> Y*<*7 4JV9 1 3ttpTttJHjfi»J: 9Wt^ 
»3E«*»0«ft«#*r»8>i-*tO"C«>9, 

iSjSi^lSWt>t*f 3^Bt*fiI8ftt f 2 t 
f 2 0jHJfi»^*5lr>Tli+»ft^>3&s«fe^ 
S^^ii*ISIi OHtroJBJ6»Jw*5V^-t>*»*3«: 

>^ dS-fe 3 LT^Stftt-m-fe 

3 OH**«JB«*tt f 1 ^T-i&TfSo f li^ 



(5) 
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> K'<* 7 -< yu* 0#Rft4IM£mtt& i: SI'S totg 
«» 1 0 14C ^»«ttlwd3t^-C+»*^ V#ft < ir > 
^5S^3l4jS®bLftl\> ioTififfiSl 0(DthjJ$U^l^ 
Xffi(I*l4£ tfti^fc*, ttffiSl 160fcB^miE(ii&< 
ft 9, Jt»«l 2^l«<^Sc 

[0021] (mt&<omm 2) me i4#jbwojb 2 on 
fos 0 m6ic^5u>T, t^^ai^^jj'^-by ^ 

(OtH^X 5U:+#ftMlffl*?*«LTi^£. glfi 
4 te^m^-f-J: 9 ic-f h ]) yi/^r—^ 1 \z&> 

[0 0 2 2] h y 

IgSli^tL-fe 3 ©»B5*sa*l:45i <£: <oftt> 

J:5lwR«£*U &&4\Z£r>4>?W&W2t't>D- 20 

[0 0 2 3] (SllfeOJgtt 3 ) El 8 Itt^P^Ol 3 <E>n 

S c E18 Id^i^T, -fe^f^Ste-O^;*? — b y j/v? 

— h y >^5&i|X#2l4fiaP£lJ5F^l;:A9&tf 
[ 0 0 2 4] m&<OfmA) m9ltt&W<D&4<Z>& 

-o-jdx, »j»Ko»*, =» - 5r > ^m<om^ lz 
« 9 oAJR*B* s a:s»*i"2) w 4 * s ft < 

[0 0 2 5] lfe»IRO*ffi»ifcfc^tf«BBBB5- 3 
6 3 2 4-^«K5fS*x* «fc 19* 

[0 0 2 6] m%<Omi& 5 ) El 1 0 I4#JS03(0£ 5 <D 
b<£>$rEElTfcSo Ell Oiciot^T, 1414 



-TSTil 5 £Ri4fc t>E>-CfcS e IQ*;^1 4 li > 

* #- b y -/ c^-* i^BtftfcBB p anas*-*-* w k 11 

» LxmE«IIHi«d J »i-«) w 4 #ft J: 5 I^BtFC-f 
[0 0 2 7] (9ltKO«1R6) Ell lltt&W<D><># 
^IST-feS. Ell 1 Iwfcl^T* 1 014^ b D 

«JB«»TIBa*rfif5*t««, 1 ittrtOtgigSl 0*» 
bffl*SH6«*«**r*ai-'S**», 1214^^^ 

vif *^ 3 \*&mm x 0 t£z>mm& 9 <onm \zi£mm* 

So #P!l»4. m&<Offimi Xt&WL1tm2<OffitilLk&E. 

So 

[00 2 8] ±g*If§ 1 0 J4fiEm^^ 6 O^lt)^ 9 I^RS 19 

mttJ: Y/<7s-7 siJV? l 3 ^r. Z<Ds<> V'<*7 

1 3<Offi*3&*ba8t2 1 trft^X&m^fiffi+lz 

aauseA^is^4a3*«-?-nsj^««L2 2*mmtz> 

fcit 5 ^#SI^*«^*«»l-^»»« l ««2 SOU 
Xi*±.K««i7^3KaLTU^o ^1 H4±IE*i« 
§11 0cOtB^^r='>^>^2 4 ^LTMU^t 
-K2 5t^ Z.<o¥^it— K2 S<OTJ— K«rSSt 
2 6t^Uft»t5t*l^y- h*^=>7 f >i^2 7 
^LTSSLttMfci. JttSEg 1 2 I4±1E««« 
1 1 <^ffi^SrKeA**-?-twS«L^«»i»*8 2 8 4: 
0*0. ±f£^^tg*ISI 2 8 0#R«A*JH^H*fll« 
JEasEMD^JJ-iSJ: 5 »r*j*dixTt^ 0 
[0 0 2 9] 

£JL±0*lc*3BMI4EE«*-7-*fi»«»c 
g^L^-feV-^^Sr^v^*- h y y^©WP»i:» 

Sr^D-TS r k ft < f >^ »**r«ttrt- S r i: Sr prttfc 

#ftV>o 

[El®^S5mftt^e«J 

I Ell] *J6W©*1 OSIJ£OJBJ80-<>^a*:«l»-fe 
>i^^^1"^ v^^^ b y y^©iBH 
[El 2] H-fe^eDttfillslKSBSrRM'fS^o 



(6) 

9 

[H3) |^t>f(07 4 << /1***#«H4IB 

IDS) 3 <^^fi«l^ > ^ at 8^ot 

iiuii) ^p^^^i^^^^^^-i'^^^fi^^p 
2 -r>*®jix# 
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10 

3 -fe^-fr*^ 

4 £ig 

5 f^P^ 

6 Et^f 
7a, 7 b m@ 

s tmm 

9 

1 0 *f fl» 

1 1 

1 2 AtKS 

a 3 Y'**y jfl'* 

1 4 *i6fSHfc<D*/i^ 

2 1, 2 2, 2 6, 3 1, 3 2, 3 6, 3 7, 3 8, 4 
0, 41, 42, 43, 44, 45 tetfils 

2 3, 2 8, 2 9 mW-^MS 

24, 27, 30, 33, 34, 35, 39 ^>"f^ 
-9- 

2 5 ?4 K 



[il] [H}2) IBI6] [B9] 
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